Abstract: An untreated posterolateral corner (PLC) injury in patients with a torn anterior cruciate ligament (ACL) may be a leading cause of ACL reconstruction failure. Combined ACL and PLC reconstruction is discussed in few studies in the literature. Femoral tunnel intersection in combined reconstruction has been reported to be high. Short grafts may render combined reconstruction undoable. This Technical Note describes a technique that allows a combined ACL and PLC reconstruction. The ACL graft is a 4-stranded hamstring tendon graft from 1 limb. The PLC graft is a doubled semitendinosus tendon graft from the contralateral side. One femoral tunnel is used connecting the femoral attachment of the PLC on the lateral wall of the lateral femoral condyle to the anatomic femoral ACL footprint on the medial wall of the lateral femoral condyle. The PLC graft is suspended on the ACL graft to be anchored on the cortex of the lateral femoral condyle with added fixation by an interference screw (Arthrex, Naples, FL). The PLC graft limbs are used for open reconstruction of the fibular collateral ligament, popliteus tendon, and popliteofibular ligament. This Technical Note describes a technique of combined ACL and PLC reconstruction with hamstring tendon autografts through a single femoral tunnel using graft-to-graft suspension and fixation.
T he posterolateral corner (PLC) structures interact functionally with the anterior cruciate ligament (ACL). They act as primary restraint to varus and external rotation. The ACL acts as a secondary restraint to varus angulation. 1, 2 Because of joint conformity of the lateral compartment of the knee and the inherent bony instability of the lateral tibial plateau, injuries of the PLC structures create a setting of marked instability. 3 When this is combined with an ACL tear, the instability is frank.
In an ACL-PLC injured knee, an untreated PLC injury causes a significant increase in force on the ACL graft and may be a leading cause of graft failure. So the reconstruction should be combined. 4 In the setting of combined ACL-PLC reconstruction procedures, femoral tunnel intersection has been reported to be high. 5 The close proximity of ACL and lateral collateral ligament tunnels in the lateral femoral condyle carries the risk of bone weakening and tunnel collision, 6, 7 and hence compromises graft function. Angelini et al. 8 did combine ACL-PLC reconstruction with a single femoral tunnel, but semitendinosus grafts smaller than 27 cm made the technique undoable because of the impossible reconstruction of the PLC structures with adequate graft size.
The purpose of this Technical Note is to describe a technique of combined ACL and PLC reconstruction using hamstring tendon autografts through a single femoral tunnel, using graft suspension and anchorage on the lateral cortex of the lateral femoral condyle and fixation by an absorbable interference screw (Arthrex, Naples, FL).
The technique allows combined ACL and PLC reconstruction and avoids femoral tunnel intersection and overcomes the obstacle of a short inadequate graft.
Surgical Technique Examination Under Anesthesia and Diagnostic Arthroscopy
The patient is positioned supine on the operating table. Examination under anesthesia and diagnostic arthroscopy are performed to confirm the diagnosis. Arthroscopic work is delayed until after the open dissection of the PLC to avoid anatomical distortion from fluid extravasation.
Graft Preparation
The graft used for this technique is the hamstring tendon autografts. The ACL graft is a 4-stranded hamstring tendon graft from 1 limb. The PLC graft is a doubled semitendinosus tendon graft from the contralateral side (Fig 1A) . The PLC graft is suspended on an ACL graft to be anchored on the cortex of the lateral femoral condyle by applying downward traction on the ACL graft from the tibial side.
Graft-to-Graft Suspension and Anchorage Mechanism
When the PLC graft (contralateral semitendinosus auto-graft) is suspended to the ACL graft, the diameter increases at the point of suspension more than the diameter of the ACL graft alone so its passage through graft measure is impacted at the point of suspension (Fig 1B) . This can be applied at the femoral tunnel where the ACL graft is impacted and anchored at the cortex of the lateral femoral condyle.
Open Dissection for PLC Reconstruction
A lateral hockey-stick skin incision is made along the iliotibial band (ITB) and distally extended midway between the fibular head and Gerdy's tubercle. The subcutaneous tissue is then dissected; a posteriorly based flap is developed to preserve the vascular support to the superficial tissues.
The long and short heads of the biceps femoris are exposed. The common peroneal nerve is explored and identified at the posterolateral edge of the long head of the biceps femoris (Fig 2) . This starts approximately 6 to 8 cm proximal to the fibular head and extends distally to include the release of the peroneus longus fascia distal to the fibular head. The nerve is retracted and protected during the procedure. The interval between the lateral gastrocnemius tendon and the soleus muscle is identified by blunt dissection, and the posteromedial aspect of the fibular styloid and the popliteus musculotendinous junction are palpated. Graft thickness measurement showing graft-to-graft suspension and anchorage mechanism. The ACL graft is passed through a certain diameter, whereas the ACL-PLC graft is locked at the point of suspension at the same diameter. 
Fibular Tunnel Creation
Subperiosteal dissection of the lateral aspect of the fibular head is performed in an anterior to posterior direction, extended distally to the champagne glass drop-off of the fibular head. A small sulcus can be palpated where the distal fibular collateral ligament (FCL) inserts on the fibular head. Posteriorly, a small elevator is used to dissect off the soleus muscle from the posteromedial aspect of the fibular head, where the fibular tunnel will be created.
The entry point of the fibular tunnel should be immediately above the champagne glass drop-off, at the distal insertion site of the FCL, which has been described to be 28.4 mm from the styloid tip and 8.2 mm posterior to the anterior margin of the fibular head (Fig 3A) .
With the help of an ACL aiming device (Arthrex), a guide pin is drilled starting from the entry point in a posteromedial direction toward the popliteofibular ligament attachment, and a 5-mm tunnel was then reamed over the guide pin. A passing suture is then placed through the tunnel leaving the loop anterolaterally to facilitate further passage of the graft.
PLC Tibial Tunnel
The entry point of the tibial tunnel is the flat spot on the anterolateral tibia located distal and medial to Gerdy's tubercle, just lateral to the tibial tubercle (Fig 3B) . The posterior tibial popliteal sulcus, which marks the location of the musculotendinous junction of the popliteus muscle, is identified by palpation, where the posterior aperture of the tibial tunnel should be created. This point is located 1 cm proximal and 1 cm medial to the fibular tunnel (Fig 3C) . Using an ACL aiming device (Arthrex), a transtibial guide pin is then drilled from anterior, at the flat spot to posterior at the posterior tibial popliteal sulcus. A 7-mm tunnel is then reamed over this guide pin, and the entry and exit sites are smoothed with a rasp. A passing suture is then placed through the tunnel leaving the loop posteromedially to facilitate further passage of the graft (Fig 3D) .
Femoral Tunnel
The ITB is then split approximately 4 cm in line with its fibers slightly anterior to the palpated FCL attachment. Sharp dissection is performed in this location in a proximal to distal direction exposing the lateral epicondyle.
The FCL femoral attachment site can be located 1.4 mm proximal and 3.1 mm posterior to the lateral epicondyle ( Fig 4A) . The femoral attachment of the popliteus tendon (PLT) has been reported to be located 18.5 mm anterior to the FCL insertion, in the anterior fifth of the popliteal sulcus ( Fig 4B) . The isometric point for reconstruction of the FCL and PLT is used, as recommended by Stannard et al. 9 in PLC reconstruction. It is located immediately anterior to the point at which the FCL and the PLT cross.
At this step, arthroscopy is started. Meniscal tears and chondral lesions are dealt with. With arthroscopy in the anteromedial portal, the aiming device through the anterolateral portal is fitted between the isometric point of PLC (Fig 4 C and D) and the anatomic femoral attachment of ACL (Fig 5A) . A guide pin is drilled between the 2 points ( Fig 5B) . A tunnel is then reamed over this guide pin, with a diameter equal to the ACL graft diameter. During reaming of the femoral tunnel, a curette is used to protect the posterior cruciate ligament (PCL) (Fig 5C) . Then, passing sutures are introduced from outside through the femoral tunnel and retrieved at the femoral aperture ( Fig 5D) to outside again through the anterolateral portal (Figs 5E and 6).
ACL Tibial Tunnel
Single-bundle ACL reconstruction is performed using 4-stranded hamstring tendon autografts. The ACL tibial tunnel is made 3 mm anterior to the inner border of the anterior horn of the lateral meniscus, just lateral to the medial eminence, and 7 to 10 mm anterior to the PCL (Fig 6 A-C) . Then, the passing sutures in the femoral tunnel are kept their and then retrieved through the tibial tunnel (Fig 6D) to exterior with the loop of sutures toward the tibial side.
Graft Passage, Suspension, and Anchorage
By using the passing sutures, the graft is passed through the tibial and then the femoral tunnels ( Fig 6E) . After passage of the ACL graft, the PLC graft is suspended to the ACL graft and anchored on the cortex of the lateral femoral condyle (Fig 7A) by applying traction on the ACL graft from the tibial side and then added fixation at the femoral tunnel by a bio-interference screw (Arthrex). The screw is put superior or anterior to the graft. Recycling of the ACL graft then fixation at tibial tunnel is performed with the knee flexed at 30 neutral rotation and slight posterior drawing (Fig 6F) . One should palpate over the interference screws (Arthrex) to ensure that they are adequately positioned within the tunnels because proud screws can lead to fascial irritation postoperatively.
After creating a soft tissue channel by blunt dissection, the PLC graft is passed under the iliotibial tract ( Fig  7B) . The PLT graft limb is passed first along the popliteal hiatus in the posterolateral capsule and should exit between the lateral gastrocnemius and the soleus muscles. The FCL graft limb is passed under the ITB and passed through the fibular tunnel from the anterolateral to posteromedial direction (Fig 7C) . Then both limbs are passed from posteromedial to anterior through the tibial tunnel (Fig 7D) and are fixed by an interference screw (Arthrex). The graft is fixed with the knee flexed 30 , slight valgus, and with a slight internal rotation of the foot, to avoid an external rotation deformity of the tibia 10 due to the fixation of the ACL graft first.
Clinical and Arthroscopic Evaluation at the End of Procedure
After the fixation of all structures, knee stability and range of motion are assessed. The anterior drawer test, varus stress test, and posterolateral drawer test are used to assess reconstruction.
Arthroscopy is performed at the end of the procedure to check ACL reconstruction and to examine the lateral compartment (Fig 8 A and C) and the intra-articular PLT graft (Fig 8 B and D) . At the end, standard layered closure for the skin is performed. Then, a standard long leg knee immobilizer is placed, and the patient is transferred to the recovery room.
The advantages of the technique, and pearls and pitfalls are mentioned in Tables 1 and 2 , respectively.
Discussion
The failure rates for primary ACL reconstruction are reported to be between 0.7% and 8%, and the failure rates of graft revisions are in the range of 5% to 52%. 11, 12 Many authors have suggested that the main cause of graft failures is unrecognized and therefore untreated PLC injuries. [13] [14] [15] ACL-PLC injuries were reported, and several studies have suggested that up to 11% of ACL tears are partnered by PLC injuries. 15, 16 The diagnosis of PLC injuries is a challenge and the assessment is complex. The PLC injuries of the knee can easily be missed on knee examination, especially when there is a concomitant ACL tear. 15 It requires a high degree of clinical suspicion for possible injury. 17 Missed, neglected, or poorly treated PLC injuries can result in posterolateral rotatory instability of the knee, which is a pathological instability caused by posterolateral tibial subluxation when an external rotational force is applied to the knee joint. 6, 18 Posterolateral rotatory instability leads to a varus thrust gait, which increases forces on the medial compartment of the knee and may result in meniscal injuries and accelerated medial compartment osteoarthritis. 19 It also increases the forces on the ACL and PCL, which can potentially lead to graft failure in the setting of ACL reconstruction. 20, 21 LaPrade et al. 22 described an anatomic reconstruction of the PLC structures using the native attachments of the FCL, PLT, and PFL. The FCL is the primary restraint to varus angulation. LaPrade et al. 22 showed the biomechanical role of the PLT, as a primary static stabilizer to external rotation of the knee. McCarthy et al. 23 showed the biomechanical need for anatomic reconstruction of the PFL to restore knee stability.
It is now fairly clear that to restore static stability under varus and external rotation testing, 9 in patients with ACL-PLC instability, it is important to reconstruct the FCL, the PLT, and the popliteofibular ligament 24 as well as ACL reconstruction simultaneously. 21 In the setting of combined ACL-PLC reconstruction procedures, there is close proximity of ACL and lateral collateral ligament tunnels in the lateral femoral condyle. 7 Shuler et al. 25 showed that femoral tunnel intersection, convergence, or tunnel collision is very common, and its prevention depends not only on the surgeon's skill but also on the patient's anatomy. Even with the correct techniques, it is often not possible to prevent collision.
Several PLC reconstruction techniques recommend proximal and anterior angulation of PLC tunnels, to avoid the risk of damage to the articular cartilage of the lateral femoral condyle or trochlea when creating a tunnel for PLT reconstruction. 26, 27 On the other hand, other PLC reconstruction techniques do not ACL AND PLC RECONSTRUCTION TECHNIQUE e463 recommend any proximal angulation in the coronal plane 25, 26 to avoid the risk of bone weakening and tunnel collision and hence compromise graft function.
Angelini et al. 8 did combine ACL-PLC reconstruction with a single femoral tunnel. The technique described is an effective solution for reconstruction of combined ACL-PLC injuries, but semitendinosus grafts smaller than 27 cm make the technique undoable because of the impossible reconstruction of the PLC structures with adequate graft size.
The accuracy of ACL tunnel placement is also important in combined ligament reconstruction. Recently when comparing transtibial ACL tunnel creation with outside-in and anteromedial portal techniques, outside-in tunnel according to Garofalo et al. 28 provide a higher statistically significant percentage of coverage of the ACL femoral footprint than the transtibial ACL tunnel and anteromedial portal tunnels. 29 Also the outside-in technique according to Burnham et al. 30 may be more beneficial in obese patients, skeletally immature patients, or revision cases.
In this Technical Note, outside-in single femoral tunnel is performed in the lateral femoral condyle for combined ACL-PLC reconstruction connecting the anatomic ACL femoral footprint from inside to the isometric point for the PLC attachment point on the outside. This minimizes the number of femoral tunnels, avoids tunnel collision in the lateral femoral condyle, avoids possible damage to the articular cartilage of the lateral femoral condyle or trochlea, and minimizes the number of interference screws needed.
The PLC graft (doubled semitendinosus) is suspended on the ACL graft (quadrupled semitendinosus and gracilis) on the lateral cortex of the lateral femoral condyle. At the femoral tunnel, the ACL graft is fixed, locked, and anchored by this suspension. Interference screw fixation is added. Graft suspension gives adequate graft length and width for combined ACL-PLC reconstruction and decreases the need for interference screws. The interference screw addition at the femoral tunnel gives more stable graft fixation.
This technique has a potential risk of common peroneal nerve injury, prolonged surgical time and possible tourniquet paralysis, and possible physeal injury in skeletally immature patients. Acute injuries, knee dislocations, and skeletally immature patients are relative limitations.
Many series evaluated ACL reconstruction in skeletally immature patients with all-epiphyseal reconstruction 31, 32 or transphyseal reconstruction. 33 The overall functional results in many series were good; there was only a single case of a growth abnormality that consisted of a valgus deformity. 34 In this technique, the physis could be spared during femoral tunnel and FCL and PLT tunnel creation, whereas it is not spared in ACL tibial tunnel creation. Careful surgical dissection avoids common peroneal nerve injury and physeal injury. Arranged surgical steps 
Graft passage and fixation
The ACL graft is passed first and then the PLC graft is suspended on the ACL graft on the lateral cortex of the femur If the PLC graft is suspended on the ACL graft before the ACL graft passage, the graft will be impacted at the tibial side if retrograde passage is used The ACL graft is fixed at the femoral tunnel first and then at the tibial tunnel
If the ACL graft is fixed at the tibial tunnel first, this will lead to the loss graft anchorage obtained by suspension ACL graft
The entry point of the femoral tunnel is enlarged by a reamer to allow settling of the graft at the point of suspension
If not, the painful prominent graft under the iliotibial band and delayed suspended graft incorporation may occur A bioabsorbable interference screw of the same graft thickness with 30 to 35 mm length is used. Ensure settling of the screw in the tunnel If a longer screw is used, it may protrude inside the joint causing graft fritting or protrude under the iliotibial band causing its irritation The interference screw is inserted in the anterior or proximal half of the femoral tunnel. This is performed according to the orientation of the suspended graft; if the 2 limbs are oriented vertically after their suspension, the screw is inserted in the anterior half of the femoral tunnel, whereas if 2 limbs are oriented horizontally after their suspension, the screw is inserted in the proximal half of the femoral tunnel
Insertion of the interference screw into the posterior or distal half of the femoral tunnel will lead to graft impingement on the screw and also will shorten the graft and cause its prominence ACL graft fixation at the tibial side is performed after femoral fixation to control graft tension
If it is performed before femoral fixation, graft tension or graft anchorage will be jeopardized PLC graft
The PLT graft limb is passed first and deep to the (medial) FCL graft limb. Both graft limbs are passed deep to the (medial) iliotibial band
Passage of the FCL graft limb first makes its cross over the PLT graft limb difficult or makes it to cross under the PLT graft, which is nonanatomical The PLC graft is fixed in the slight internal rotation of the foot If the PLC graft is fixed in the neutral rotation of the foot, this may lead to external rotation deformity of the tibia associated with ACL graft fixation first (continued) shorten the surgical time and avoid the tourniquet complications. 
